1. Introduction
===============

Patients with acute coronary syndrome (ACS) have diverse clinical manifestations and a high risk of death. Outcomes in high-risk cases can be improved by accurate clinical decisions made following a thorough patient assessment. To identify high-risk patients with acute coronary syndrome, current guidelines recommend using a standardized and useful grading system such as the Global Registry of Acute Coronary Events (GRACE) score.^\[[@R1]\]^ Although the GRACE score has been clinically adopted, it does not include some important biomarkers.^\[[@R2]\]^ Therefore, whether GRACE scores combined with other biomarkers provide a more accurate risk score for people with acute coronary syndrome remains to be explored.

Homocysteine (Hcy) is a detrimental intermediate of cellular metabolism in the human body. An increased level of Hcy in the blood is an indicator of a high risk of stroke. Even more dangerous is the increased risk of stroke compared with the normal population when both blood pressure and Hcy increase.^\[[@R3],[@R4]\]^ Clinical scholars consider "hypertension with elevated homocysteine levels" as "H-type hypertension."^\[[@R5],[@R6]\]^ Due to genetic background, the interaction of diet and other factors, the level of homocysteine in the Chinese population is elevated and the folic acid level is low, which in turn leads to a high incidence of stroke. A total of 300 million hypertensive patients have been identified in China, and roughly two-thirds have H-type hypertension.^\[[@R7],[@R8]\]^ It has been found that high levels of homocysteine increase the risk of cardiovascular events.^\[[@R9]--[@R11]\]^ However, there are few reports in the literature detailing the relationship of homocysteine combined with GRACE scores in patients with ACS.

In the present study, we found that homocysteine levels and GRACE scores independently predicted MACE in patients with acute coronary syndrome, and considering homocysteine levels can potentially augment estimates based upon the GRACE score values alone. This relationship has rarely been reported in the literature.

2. Patients and methods
=======================

2.1. Patients
-------------

This was a single-center observational study that continuously collected data from patients diagnosed with acute coronary syndrome from January 2013 to August 2014 in our hospital. Those with unstable angina pectoris, non-ST-segment elevation myocardial infarction, and ST-segment elevated myocardial infarction were included. Exclusion criteria included advanced liver disease, kidney failure, cancer, valvular heart disease, stroke, idiopathic dilated cardiomyopathy or hypertrophic cardiomyopathy, peripheral arterial disease, pregnancy, anti-inflammatory drug treatment, acute or chronic infection, autoimmune disease, and hematological or thyroid disease.

Clinical data were collected and analyzed from the patients' medical records, included demographic data, cardiovascular risk factors and cardiovascular-related medications used. Enrollment was conducted in accordance with the Declaration of Helsinki (2008) of the World Medical Association. This study was approved by the ethics committee and institutional review board of the First Hospital of Xi'an, Jiaotong University, and all patients provided written informed consent.

2.2. Blood tests
----------------

EDTA anticoagulated plasma samples were measured by ELISA. After patients had fasted for 12 hours, blood samples were drawn between 8:00 and 10:00 [AM]{.smallcaps} the next morning. Plasma and whole blood were immediately separated by centrifugation (1000×g/15 min, 4°C). Plasma aliquots were stored at −70°C and thawed before testing. Homocysteine concentration was measured with a commercially available ELISA kit (Ortho-Clinical Diagnostics, Inc., Rochester, New York) according to the manufacturer\'s instructions. Standard measurements of blood parameters and serum biochemistry were performed with a DIRUI CS 400 Analyzer (Dirui, Changchun, China). Venous plasma glucose, blood lipids, lipoproteins, serum creatinine, NT-proBNP, leukocytes, and platelet count were assessed.

2.3. GRACE score calculation
----------------------------

The GRACE score was derived from the values calculated for cardiovascular variables.^\[[@R1],[@R12]\]^ These variables included age, heart rate, systolic blood pressure, serum creatinine, congestive heart failure, PCI and coronary bypass surgery procedures, a history of myocardial infarction, the magnitude of ST-depression, and the elevation of myocardial enzymes. The GRACE risk score was originally used to predict lethality 6 months after discharge from the hospital and more than 4 years after myocardial ischemic events. According to ESC guidelines, patients can be divided into 3 categories based on GRACE scores: low risk (1--88), moderate risk (89--118), and high risk (\>118).

2.4. Follow-up
--------------

MACEs were defined as all-cause death or nonfatal myocardial infarction. All patients were followed-up by telephone and at outpatient visits. The end event was defined as the first MACE occurrence.

2.5. Statistical analysis
-------------------------

All data were analyzed using SPSS version 11.0 (SPSS, 127 Chicago, IL). Continuity variables were expressed as the mean ± standard deviation, and categorical variables were expressed as frequency and percentage. The Kolmogorov--Smirnov test was used to describe the normal distribution of quantitative variables. An independent-samples *t*-test was used to compare the 2 groups and the Chi-square test was used to compare categorical variables. One-way ANOVA was used to compare the differences among multiple groups. Correlation analysis was performed using Spearman\'s correlation. Univariate and multivariate survival analysis included COX regression analysis. A Kaplan--Meier survival curve was used to assess the predictive value of homocysteine for risk of death in patients with acute coronary syndrome. The predictive value of homocysteine alone and the value combined with the GRACE score were expressed as the area under the ROC curve. *P \< *.05 was defined as statistically significant.

3. Results
==========

3.1. Baseline data
------------------

As shown in Table [1](#T1){ref-type="table"}, of the 361 eligible patients enrolled in this study, 12 were lost to follow-up (3.4%) by study end at approximately 43.3 months. The remaining 347 patients were divided into 3 groups based on homocysteine values as follows: Group 1 \<16 μmol / L, Group 2 = 16 to 30 μmol/L, and Group 3 \> 30 μmol/L (Table [1](#T1){ref-type="table"}). As the homocysteine value increased, the total cholesterol value also increased (*P \< *.05). Platelet count, NT-proBNP level and ApoB in Group 3 were higher than in Groups 1 and 2 (*P \< *.05, *P = *0.003 and *P = *0.048).
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The demographic characteristics data in the study.
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3.2. Clinical characteristics of patients with and without MACEs
----------------------------------------------------------------

Of all 347 patients enrolled, 40 (11.5%) suffered MACEs, including 29 all-cause deaths and 11 nonfatal MI. According to the GRACE score, the incidence of MACEs was greater in the high-risk group than in the low-risk and intermediate-risk groups. We performed a correlation analysis between GRACE score and Hcy level as a continuous variable which revealed a significant correlation between the 2 (*R* = 0.172, *P = *.001).

3.3. Hcy level was an independent predictor of MACE rates
---------------------------------------------------------

As determined by univariate Cox regression analysis, the most significant predictors of MACE were age, body mass index (BMI), history of hypertension, history of myocardial infarction, leukocyte and platelet count, homocysteine levels, and GRACE scores (Table [2](#T2){ref-type="table"}). In multivariate COX regression analysis, Hcy levels were an independent factor shown to be significantly predictive of MACEs (HR 2.270; 95% CI 1.061 to 4.856; *P \< *.05), as well as GRACE scores (HR 2.634; 95% CI 1.544 to 4.493; *P \< *.001) (Table [3](#T3){ref-type="table"}).
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Univariate COX regression analysis of MACEs events.
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Multivariate cox regression analysis of MACEs events.
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3.4. The combination effect of Hcy and GRACE on the incidence of MACE
---------------------------------------------------------------------

Since Hcy levels and GRACE scores are both independent risk factors for MACE, we evaluated the combination effect on the prediction of long-term MACE. The AUC for the GRACE score alone was 0.78 (95% CI 0.73--0.83), which increased to 0.83 (95% CI 0.80--0.88) with the addition of Hcy. The change in AUC was statistically significant (*P = *0.006) when both measures were combined, suggesting that the combination of Hcy level with the GRACE score contributes to the estimation of MACE.

4. Discussion
=============

Homocysteine is a sulfur-containing amino acid formed after methionine demethylation, belonging to the intermediate product of the methionine cycle. The earliest reports of metabolic disorders originated from observations of homocystinuria in patients with congenital cystathionine synthase deficiency.^\[[@R13]\]^ Since then, scientists have also found several other metabolic changes in HCY metabolism of enzymes or coenzymes caused by metabolic disorders. In recent years, with improvements in measurement techniques, HCY in various forms has been measured in normal human plasma and found to be a potential effective factor in the treatment of several ailments including cardiovascular, cerebrovascular and peripheral vascular diseases. HCY metabolic disorders have been found in patients suffering from chronic renal insufficiency, psoriasis and vitamin B12 deficiency as well.^\[[@R12],[@R14]--[@R18]\]^

Subsequent clinical and experimental studies have shown that high levels of HCY can cause vascular damage, and lead to lesions in the coronary arteries, peripheral vasculature, and cerebrovasculature.^\[[@R19]\]^ Plasma HCY levels in patients with peripheral vascular disease and those with intermittent claudication confirmed by angiography were higher than those in normal subjects. Plasma homocysteine levels in patients with thickened carotid intima and myometrium confirmed by B ultrasound were also higher than those in normal subjects.^\[[@R20]\]^ These clinical studies of plasma HCY in relation to various vascular diseases indicate that HCY may be an independent risk factor for the development of such lesions.

The clinical management of patients with acute coronary syndrome should be based on risk stratification. In this study, the GRACE score provided a valid independent predictor of MACE in ACS patients, consistent with previous findings. However, the AUC for the GRACE score alone was only 0.78, possibly because underlying risk factors were not included in the scoring system. Furthermore, different scoring systems combine other clinical parameters indicating different clinical predictive values for patients with ACS or myocardial infarction. A previous study revealed that 3-dimensional global peak longitudinal strain (GPLS) could be a reproducible and efficient method to evaluate complex coronary artery disease in patients with non-ST-segment elevation acute coronary syndrome, and the value of GPLS was significantly associated with the complexity of coronary artery lesions.^\[[@R21]\]^ Other authors described 3-dimensional global longitudinal strain as an excellent predictor with the highest predictive value for future left ventricular remodeling after acute myocardial infarction,^\[[@R22]\]^ and the waist circumference could be more accurate to assess the cardiac function through the changes of let ventricular structure on the cardiac rehabilitation program ater ACS patients.^\[[@R23]\]^ Moreover, other authors considered that the combination of computer-tomography-based fractional flow reserve pullback curve and wall shear stress distributions can provide more accurate evaluation the clinical outcome of the patients suffer from coronary stenoses,^\[[@R24]\]^ and the non-invasive fractional low reserve derived from coronary computed tomographic angiography may be an simplified method to assess the *hemodynamic* characteristics for coronary stenosis.^\[[@R25]\]^ These reports demonstrate that many potential questions remain in relation to the selection of optimal prognostic predictive factors for ACS.

Epidemiological data demonstrate that Hcy level is a risk factors for independent cardiovascular events (including myocardial infarction) in both general and hypertensive populations.^\[[@R2],[@R9]--[@R11]\]^ However, previous studies did not include Hcy in the GRACE scoring system. In the present study, the value of the GRACE score increased with increasing Hcy levels, and both correlated with MACE. Furthermore, the combination of Hcy and GRACE enhanced the predictive value for MACE in patients with ACS and no DM comorbidity (AUC 0.78 for the GRACE score alone and 0.83 for Hcy and GRACE). In patients with ACS, whether or not Hcy levels are independent predictors of cardiovascular events is uncertain. In this study, Hcy levels were independently predictive of long-term MACE in patients with ACS and those with comorbidities.

A previous study found that the addition of C-reactive protein (CRP), NT-proBNP, fatty acids, growth-differentiation factor-15, cystatin C, Dickkopf protein, RDW/PDW, troponin, mean platelet volume (MPV), and other factors to the scoring system can increase the predictive value of major cardiac adverse events in patients with ACS.^\[[@R26]--[@R33]\]^ Even the functional assessment and computational fluid dynamics of a hemodynamic significant stenosis base on blood pressure variation has been applied for the evaluation of the myocardial ischemic event,^\[[@R34]--[@R36]\]^ and the alterations of these parameters under pathological conditions are important indicators for diagnosis of cardiovascular disease. However, the effect of Hcy combined with GRACE scores was unclear. Our results demonstrate that the GRACE score was significantly associated with baseline Hcy levels, and the combination effect between Hcy and GRACE scores could improve the predictive value. However, whether or not the combination effect could further improve the clinical prognosis of patients with ACS still needs further investigation in clinical practice.

In conclusion, Hcy levels predict the occurrence of MACE in patients with ACS, and Hcy levels correlate significantly with GRACE scores. Combining the predictive effect of the 2 could improve risk stratification of the ACS population. However, this study was a retrospective study at a single center conducted in a select patient population and thus may be subject to some bias, and the pathophysiological mechanism of this effect remains known. The results of the study therefore, should be confirmed via RCTs study in the future.
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